Summary The study of protein-protein interactions is a powerful approach to uncovering the molecular function of gene products associated with human disease. Protein-protein interaction data are accumulating at an unprecedented pace owing to interactomics projects, although it has been recognized that a significant fraction of these data likely represents false positives. During our studies of biogenesis of lysosome-related organelles complex-1 (BLOC-1), a protein complex involved in protein trafficking and containing the products of genes mutated in Hermansky-Pudlak syndrome, we faced the problem of having too many candidate binding partners to pursue experimentally. In this work, we have explored ways of efficiently gathering high-quality information about candidate binding partners and presenting the information in a visually friendly manner. We applied the approach to rank 70 candidate binding partners of human BLOC-1 and 102 candidates of its counterpart from Drosophila melanogaster. The top candidate for human BLOC-1 was the small GTPase encoded by the RAB11A gene, which is a paralogue of the Rab38 and Rab32 proteins in mammals and the lightoid gene product in flies. Interestingly, genetic analyses in D. melanogaster uncovered a synthetic sick/lethal interaction between Rab11 and lightoid. The data-mining approach described herein can be customized to study candidate binding partners for other proteins or possibly candidates derived from other types of Fomics' data. 
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Introduction
The postgenomic era is witnessing a blossoming of socalled systems-biology Fomics' approaches to understand the function of genes through studies on their products (transcripts and/or proteins) on an unprecedentedly large scale. Among them are the Finteractomics' approaches aimed at elucidating the network of protein-protein interactions that occur in vivo (Gandhi et al 2006; von Mering et al 2002) . Considering the extensive success in understanding the molecular function of proteins through the study of individual protein-protein interactions, the expectation for the impact of the field in interactomics to biology-and eventually to medicineis very high. However, at least two main drawbacks have been recognized. First, intrinsic limitations of each interactomics approach can result in large numbers of falsenegative and false-positive results. While the problem of false negatives tends to be minimized because negative results are typically not reported, one must consider that not all positive interactions being reported will turn out to be Freal' (i.e. to occur in vivo and be of biological significance). In the case of the yeast twohybrid (Y2H) system, which so far has been the method most extensively used to study the interactomes of organisms other than yeast, false-positive rates of 50% or higher have been estimated (Deane et al 2002) . Consequently, follow-up experimentation is always required to validate interactions of interest. The second drawback, which is common to other systems-biology approaches, is the potential of Fdata overload' caused by an unprecedented wealth of experimental observations. This has led to a proliferation of successful bioinformatics strategies to filter, organize and extract useful information from the experimental data (Camargo et al 2007; Gandhi et al 2006; Giot et al 2003; Rual et al 2005; Stelzl et al 2005; von Mering et al 2002) .
We have recently faced a combination of the two problems mentioned above, i.e. having to pursue experimentally too many candidate binding partners resulting from Y2H projects, during our studies on biogenesis of lysosome-related organelles complex-1 (BLOC-1). BLOC-1 is a stable protein complex that in mammals comprises eight known subunits: pallidin, muted, cappuccino, dysbindin, snapin, BLOC subunit 1 (BLOS1), BLOS2 and BLOS3 ( Fig. 1A ; for a recent review see Raposo and Marks 2007) . Mutations in the DTNBP1 gene encoding dysbindin and the BLOC1S3 gene encoding BLOS3 cause Hermansky-Pudlak Fig. 1 Schematic representations of the subunit composition of BLOC-1 from humans (A) and the corresponding orthologues encoded by the genome of Drosophila melanogaster (B). Thick black lines denote published experimental evidence for binary inter-subunit interactions. Numbers connected by blue lines represent unique binding partners described for individual BLOC-1 subunits, and numbers connected by lines of other colour denote candidate binding partners shared by two or more subunits syndrome (HPS) type 7 (HPS-7) and HPS-8, respectively (Li et al 2003; Morgan et al 2006) . All types of HPS, including the two associated with BLOC-1 deficiency, follow an autosomal-recessive mode of inheritance and are characterized by partial loss of pigmentation in hair, skin and eyes (i.e. oculocutaneous albinism) and prolonged bleeding times due to platelet storage pool deficiency (reviewed by Wei 2006) . Both clinical manifestations arise from defects in the biogenesis of so-called Flysosome-related' organelles, namely melanosomes and platelet dense granules (Raposo and Marks 2007) . The other known types of HPS are associated with deficiencies in another three protein complexes: HPS-3, -5 and -6 are due to mutations in the HPS3, HPS5 and HPS6 genes encoding subunits of BLOC-2; HPS-1 and -4 diseases arise from mutations in the HPS1 and HPS4 genes encoding subunits of BLOC-3; and HPS-2 is due to mutations in the AP3B1 gene encoding a subunit of adaptor protein-3 (AP-3) (Di Pietro and Dell'Angelica 2005; Wei 2006) . While the molecular role of AP-3 as a sorting-signal-decoding device mediating intracellular protein trafficking between endosomes and lysosomes (or between endosomes and lysosome-related organelles) is well established, the molecular functions of the BLOCs remain poorly understood (Di Pietro and Dell'Angelica 2005; Raposo and Marks 2007) . Nevertheless, BLOC-1 was localized in melanocytes to early-endosome-associated tubules and found to facilitate the trafficking of tyrosinase-related protein 1 and the Menkes disease protein, ATP7A, to maturing melanosomes (Di Pietro et al 2006; Setty et al 2007 Setty et al , 2008 .
As part of our efforts aimed at elucidating the molecular mechanism of BLOC-1 function, we have focused our attention on direct protein-protein interactions reported in the literature, either as the focus of individual studies (reviewed by Li et al 2007; see also Bao et al 2008; Felten et al 2007; Granata et al 2008; Mistry et al 2007; Nian et al 2007; Sun et al 2008; Suzuki et al 2007) or as part of large sets of interactomics data (Camargo et al 2007; Rual et al 2005; Stelzl et al 2005) . In all of these cases, the initial-or only-experimental evidence was obtained by Y2H analysis. In the case of human BLOC-1, the number of candidate binding partners for one or more of its subunits added up to 70 (Fig. 1A) . The existence of a BLOC-1 counterpart in the fruit fly, Drosophila melanogaster, was predicted by the presence in its genome of recognizable orthologues for seven of the eight subunits of the mammalian complex (Falcó n-Pé rez et al 2007); for the products of these seven fly genes the total number of candidate binding partners derived from large-scale Y2H analyses (Formstecher et al 2005; Giot et al 2003) was 102 (Fig. 1B) . No homologues of BLOC-1 subunits have been found in the genome of the yeast Saccharomyces cerevisiae.
The above numbers of candidate binding partners for human and Drosophila BLOC-1 would exceed our ability to pursue them experimentally, especially if one considers that multiple approaches would be required to test whether each putative interaction might occur in vivo and be relevant to the function of BLOC-1 in intracellular protein trafficking. Various methods have been described to assess the reliability of interactions within large sets of Y2H data (Deane et al 2002; Goldberg and Roth 2003) , or to attempt to reduce the very high false-positive rates (õ90%) of in silico predictions of protein-protein interactions (Mahdavi and Lin 2007; Scott and Barton 2007) . These methods were designed to assess simultaneously thousands of putative interactions; hence they rely on either global properties of the dataset (e.g. small-world network properties) or scoring criteria that tend to be simplistic as they are restricted to information that can be gathered automatically (e.g. co-occurrence of keywords in GeneOntology descriptions, existence of paralogues reported to interact with each other).
In this work, we explored ways to efficiently gather high-quality information about the candidate binding partners of BLOC-1 subunits from humans and flies, and to rank the candidates and present the information in a visually friendly manner. For the top candidate resulting from this analysis, the endosomal Ras-related GTPase Rab11, follow-up experimental work uncovered an unexpected genetic interaction with the product of the fly gene lightoid, which is the orthologue of the Ruby gene defective in a rat model of HPS (Oiso et al 2004) and encodes a Rab protein implicated in the biogenesis of lysosome-related organelles Wasmeier et al 2006) . The possibility of applying a similar data-mining approach to analysis of other subsets of Fomics' data is discussed.
Methods
Literature and database searches
Literature searches for candidate binding partners of human BLOC-1 were performed by using all alternative names of each BLOC-1 subunit as keywords in PubMed (http://www.pubmed.gov) and subsequently browsing the abstracts of all resulting papers. In addition, the supplementary materials of four papers reporting large-scale human protein-protein interaction studies (Camargo et al 2007; Ewing et al 2007; Rual et al 2005; Stelzl et al 2005) and a publicly available database of Y2H data generated by the Alliance for Cell Signaling (http://www.afcs.org) were searched using the subunit names as keywords. Candidate binding partners for BLOC-1 subunits from D. melanogaster were identified by searching the Drosophila Interactions Database (http://www.droidb.org) using the names of subunit-encoding genes (Fig. 1B) (Mishra et al 2006) .
Protein sequence analyses
Sequence analyses of candidate binding partners were carried out using the reference amino acid sequences downloaded from the NCBI Entrez Gene database; if more than one isoform were predicted (owing to alternative splicing of the encoding gene), the longest protein sequence was used. Homology searchers for readily recognizable orthologues in D. melanogaster and S. cerevisiae (for human proteins) or in H. sapiens and S. cerevisiae (for fly proteins) from the nonredundant protein sequence database were carried out using the Gapped-BLASTP algorithm (Altschul et al 1997) with default parameters as available at the NCBI website (http://blast.ncbi.nlm.nih.gov/Blast.cgi). Information about predicted functional domains was obtained from the conserved-domain search tool available at NCBI as part of the BLASTP server. In the cases of Drosophila proteins, or of human proteins where no predictions of coiled-coil or transmembrane regions were available at the HPRD, predictions of such regions were carried out at the Network Protein Sequence Analysis Tools server (http://npsa-pbil.ibcp.fr/ cgi-bin/npsa_automat.pl?page=/NPSA/npsa_server. html) using default parameters (Combet et al 2000) .
Candidate ranking
The information gathered about candidate binding partners of BLOC-1 subunits was organized in a table using Microsoft Excel 2004 for Mac Version 11.2, where each row represented a candidate binding partner and the columns corresponded to various scoring criteria. A colour-code was adopted whereby green, yellow and red at each column position represented Fencouraging', Fless encouraging' or Fdiscouraging' information about the candidate, respectively. White was used to denote lack of information or information that was too general to be considered either encouraging or discouraging. Further details about the colour-based scoring system are available in Supplementary Table 1 . In order to rank the candidates, the colour code was converted into numerical values using a custom-made Macro tool (available upon request), and the sum of all derived values was calculated for each row and used to sort the rows (in descending order) using the Data AutoFilter tool of Excel.
Genetic experiments in flies
Flies were reared at 25-C in a designated room with automatic 12 h light/12 h dark cycles, using standard food and following conventional fly husbandry procedures (Greenspan 1997 g 2 by multiple outcrosses into Canton-S and was kindly provided by Anne F. Simon (University of California, Los Angeles, CA, USA). For some experiments, the ltd 1 line was partially Fcantonized' by three outcrosses into the genetic background of Canton-S.
Results
Ranking of candidate binding partners of human BLOC-1 subunits Literature and databases searches for candidate binding partners of BLOC-1 resulted in a total of 68 gene products reported to interact with individual subunits, and two gene products reported to interact with dysbindin and another subunit (Fig. 1A) . Twentyseven of these candidates resulted from small-scale Y2H screenings (reviewed by Li et al 2007; see also Bao et al 2008; Felten et al 2007; Granata et al 2008; Mistry et al 2007; Nian et al 2007; Sun et al 2008; Suzuki et al 2007) , while the rest of them were found as part of large-scale Y2H projects (Camargo et al 2007; Rual et al 2005; Stelzl et al 2005 ; no candidates were found in a large-scale mass spectrometry study reported by Ewing et al 2007) . In order to select the most promising candidates for experimental analyses, we sought to rank them according to a number of specific criteria that would be relevant to the likelihood that a given candidate would interact with BLOC-1 in vivo and participate in its role in intracellular protein trafficking between endosomes, lysosomes and related organelles. Because none of these criteria would constitute an absolute requirement for a candidate to be considered further, we reasoned that the combination of all criteria (i.e. the sum of all scores) would represent our best estimate of how promising each candidate would be. To allow for rapid visual analysis, for each criterion we used green and red colour to represent Fencouraging' or Fdiscouraging' information, respectively; yellow was used to represent information that was not as encouraging as that labelled with green, and white was used to represent lack of information or information that was too vague to be considered either encouraging or discouraging (see Supplementary Table 1 for details about the colour code for each criterion).
Ten different criteria were applied to prioritize candidate binding partners of human BLOC-1 subunits (Fig. 2) . The first three corresponded to experimental evidence found in the original article describing an interaction between a BLOC-1 subunit and a given candidate gene. The criteria were based on three commonly used types of protein-protein interaction assays: Y2H data, affinity-pulldown assay, and coimmunoprecipitation. The Y2H data were considered encouraging (i.e. green colour) if resulting from a small-scale screening (assuming that the authors had a valid reason to select a given interaction partner out of several prey constructs that might have led to expression of reporter genes) or if deemed to be of high confidence by a large-scale Y2H project. The affinitypulldown data were considered most encouraging if a recombinant form of the binding partner was able to pull-down the native BLOC-1, not just an isolated subunit in recombinant form or overexpressed in cells by transfection. Likewise, the co-immunoprecipitation data were considered most encouraging if involving native BLOC-1 as opposed to a transiently overexpressed subunit. Such stringency level for these two criteria, i.e. considering most encouraging only those positive pulldown and co-immunoprecipitation results involving the entire BLOC-1 complex, stemmed from our own study (Nazarian et al 2006) on the previously reported interaction of the dysbindin subunit of BLOC-1 with a-and b-dystrobrevins (Benson et al 2001) . In that study, we had found that dysbindin can interact with the dystrobrevins when isolated from the complex (i.e. in the context of the Y2H or in recombinant form) but not in the context of native BLOC-1, likely because the region of dysbindin that can bind dystrobrevins in vitro is engaged in multiple inter-subunit interactions within BLOC-1 and not available for dystrobrevin binding in vivo (Nazarian et al 2006) . Although immunofluorescence co-localization is another criterion often used to validate proteinprotein interactions, inspection of the relevant literature led us to exclude it from our analyses. This is because BLOC-1 subunits have been reported to Fcolocalize' with various binding partners at dissimilar locations such as the plasma membrane (Benson et al 2001 (Benson et al , 2004 , cytoplasm (Fukui et al 2005) , both plasma membrane and cytoplasm (Mistry et al 2007; Yuan et al 2006) , the perinuclear region (Rü der et al 2005), the Golgi complex (Wolff et al 2006) and even inside nuclei (Felten et al 2007; Nian et al 2007) .
The information for scoring criteria 4-10 was obtained from databases and, upon initial training, could be gathered at a rate of õ6 min per candidate. Criteria 4 and 5 corresponded to the prediction of coiled-coil-forming and transmembrane regions, respectively, and high-quality information was found readily available at HPRD for most human proteins. Coiled-coil-forming regions are involved in proteinprotein interactions but are also notorious for their tendency to give false-positive results in the Y2H system. Because all BLOC-1 subunits except for BLOS3 (for which no candidate binding partner has been described) contain coiled-coil-forming domains, we decided that not finding these regions in the candidate binding partners would be encouraging and finding them would be discouraging. Similarly, for transmembrane regions we decided to consider their presence discouraging, in part because of concerns about false positives in the Y2H and the expectation that, by analogy to well-known membrane trafficking pathways, most components of the pathway in which BLOC-1 functions will turn out to be peripheral membrane proteins. Criterion 6 was based on information about structural or functional domains predicted for the candidate binding partners. Here, conserved functional domains specifically related to protein/membrane trafficking, also known as vesiclemediated trafficking, were considered most encouraging. Criterion 7 was based on mRNA expression patterns as inferred from Fvirtual dot blots' available at the UniGene database. Because all BLOC-1 subunits are expressed ubiquitously (reviewed by Di Pietro and Dell'Angelica 2005; Wei 2006 ) and evidence for a role of BLOC-1 in protein trafficking within non-specialized cells has been obtained (Di Pietro et al 2006; Salazar et al 2006) , detection of the candidate's transcript in a wide variety of tissues and cell types was considered most encouraging. Criteria 8 and 9 were based on the ability to detect homologues of the candidate binding partner in D. melanogaster and S. cerevisiae, respectively. Because BLOC-1 subunit orthologues can be found in the former but not in the latter, we scored as most encouraging detecting a homologue of the human candidate binding partner in D. melanogaster (with E-value <10 j4 ) and not finding it in S. cerevisiae. For the sake of time, the search for homologues was carried out in a single BLASTP round using the non-redundant protein sequence database, and subsequently using an in-built tool to restrict the viewing of results to proteins from the only two species of interest. If a homologue was found in S. cerevisiae through the BLASTP search, information about its potential function was gathered from the Saccharomyces Genome Database, and if it was related to protein trafficking the result was considered less encouraging (yellow) than not finding such a homologue (green) but more than finding a homologue with an unrelated function (red).
The final criterion was based on the functions reported or proposed for the candidates. We first performed a pilot analysis focusing on over a dozen Fig. 2 Ranking of candidate binding partners for human BLOC-1 subunits. Candidates are listed using the official names of the encoding human genes, with the top position in the list representing the first place in the ranking. Scoring criteria: 1, confidence level on the Y2H interaction (green is for high confidence in a large-scale Y2H project or isolated from an small-scale Y2H screen); 2, interaction detected by affinity pulldown (green is for a positive result obtained using native BLOC-1); 3, interaction detected by co-immunoprecipitation (green is for a positive result obtained using native BLOC-1); 4, predicted regions with propensity to fold into coiled-coils (green is for their absence from candidate); 5, predicted transmembrane regions (green is for their absence from candidate); 6, predicted functional domains (green is for the prediction of at least one domain previously implicated in protein/membrane trafficking); 7, expression pattern (green is for ubiquitous expression); 8, homology to fruit fly proteins (green is for the presence of a recognizable orthologue encoded by the genome of D. melanogaster); 9, homology to yeast proteins (green is for failure to detect a clearly recognizable homologue encoded by the genome of S. cerevisiae); 10, proposed biological function (green is for a role in protein/membrane trafficking on endosomes or lysosomes) b candidates, for which the original literature was scanned and read either completely or, in cases with too many original research articles, through a selection of recent reviews. The collected information was then used as a reference to assess the potential quality of functional information readily available in various databases. Although our analysis was neither quantitative nor extensive enough to provide a definitive comparison of the quality of different databases, in our opinion it was the combination of the Summary sections in the NCBI Entrez Gene database and the GeneOntology terms (also available from the same database) that more efficiently captured the information on what is known or predicted about the function of most human proteins analysed. We considered most encouraging those descriptions about a function in protein/membrane trafficking (or vesicle-meditated protein transport) with reference to endosomes or lysosomes, less encouraging similar descriptions without specific references to endosomes or lysosomes, and discouraging those descriptions about unrelated functions such as transcription or translation.
In order to rank the candidates, the colour code was converted into numerical values using a rather simple rule: green = + 2, yellow = + 1, white = 0 and red= j1. The only exception was the criterion 10, for which the above values were doubled (green = + 4, yellow = + 2, white = 0, red = j2) to give extra weight to the information gathered about the candidate's function. As mentioned above, two of the candidates (CK1d and b-dystrobrevin) had been reported to interact with more than one BLOC-1 subunit (Benson et al 2001; Li et al 2003; Wolff et al 2006; Yin et al 2006) . Although we first considered the possibility of giving extra weight to candidates interacting with multiple BLOC-1 subunits, we also gave consideration to a counterargument whereby these multiple interactions could reflect a tendency of Fsticky' proteins to give multiple false positives. Hence, we adopted the conservative approach of giving to the candidate only the best of the two scores obtained when analysed with each interacting BLOC-1 subunit separately. The resulting ranking is shown in Fig. 2 , and additional information is provided in Supplementary Table 2 . At the top of the ranking is the product of the RAB11A gene, which is a small GTPase of the Rab family of Ras-related proteins. In particular, the RAB11A gene product, Rab11, is associated with recycling of endosomes and has been shown to play key roles in protein and membrane trafficking events during development ( Ullrich et al 1996) . Rab11 is also a paralogue of Rab38 and Rab32, which are two highly related Rab family members with restricted expression and roles in the biogenesis of melanosomes (Wasmeier et al 2006) . At second and third places are the proteins phafin 2 and neurobeachin, respectively. Fourth in the ranking is the product of the EXO70 gene, which is a subunit of the exocyst complex implicated in the Ftethering' of exocytic vesicles at specific sites of the plasma membrane (reviewed by Munson and Novick 2006) . Interestingly, another two subunits of the exocyst, encoded by the EXOC8 and EXOC4 genes, had also been reported to interact with BLOC-1 subunits in large-scale Y2H projects and herein ranked at the 9th and 11th places, respectively ( Fig. 2 and Supplementary Table 2 ).
Ranking of candidate binding partners of subunits of Drosophila BLOC-1
We next sought to apply our ranking approach to candidate binding partners from a different species: the fruit fly D. melanogaster. Here, all interactions but two were derived from a large-scale Y2H study reported by Giot and colleagues (2003) , which also observed three of the several inter-subunit interactions observed for human BLOC-1 (Starcevic and Dell'Angelica 2004) (Fig. 1A, B, black lines) . Ninety-one gene products were reported to interact with a single BLOC-1 subunit, while 11 gene products were found to interact with two or three subunits (Fig. 1B) . Although few of these interactions were deemed to be of high confidence according to an automatic scoring system (Giot et al 2003) , careful examination of small subsets of interactions derived from large Y2H projects has revealed that even those interactions deemed to be of Flow confidence' in individual datasets might turn out to be real and should not be dismissed (Gandhi et al 2006) . Consequently, all candidates were included in our analysis.
We used similar scoring criteria to those described above for the human candidate binding proteins, except for the following differences. First, since the only experimental evidence for interaction of the Drosophila proteins was derived from Y2H analysis, the criteria based on affinity-pulldown and co-immunoprecipitation assays were irrelevant and were not used. Second, given that reliable predictions of coiledcoil-forming and transmembrane domains were not readily available for Drosophila proteins (as they were in HPRD for human proteins), we ran such predictions using the Network Protein Sequence Analysis Tools server. Third, no criterion based on patterns of mRNA expression was used because the available data on the expression of BLOC-1 subunits in D. melanogaster were sparse and not very consistent. Fourth, by analogy with the criterion that finding Drosophila homologues of human candidate binding proteins would be encouraging, we considered encouraging finding a human homologue of a fly candidate binding partner through a simple BLASTP search (with E-value <10 j4 ). Finally, given that the information gathered about the function of fly proteins was more limited than that of human proteins, instead of doubling the numerical weight of this criterion we added one more based on the function reported or proposed for the human homologue, if any, and then applied the same simple conversion rule (green = + 2, yellow = + 1, white = 0 and red = j1) to all criteria.
The resulting ranking of candidate binding partners of Drosophila BLOC-1 subunits is shown in Fig. 3 , and further details are listed in Supplementary Table 3 . There were virtually no common binding partners for human and fly BLOC-1, which is not entirely surprising given the well-documented lack of overlap between interactomic data obtained for different species-or even for the same species-by different projects (reviewed by Gandhi et al 2006) . However, ranked at the 7th place was the product of the CG2095 gene (Fig. 3) , which is a subunit of the exocyst complex from flies and the orthologue of the human EXOC4 gene product that was ranked 11th among the human candidates (Fig. 2) .
Genetic interactions in flies
We next attempted to pursue experimentally the top candidate binding partner of human BLOC-1, the Rab11 GTPase. Preliminary affinity-pulldown assays, Fig. 3 Ranking of candidate binding partners for subunits of BLOC-1 from flies. Candidates are listed using the official names of the encoding genes from D. melanogaster (alternative names in parentheses), with the top position in the list representing the first place in the ranking. Scoring criteria: 1, confidence level on the Y2H interaction (green is for high confidence); 2, predicted regions with propensity to fold into coiled-coils (green is for their absence from candidate); 3, predicted transmembrane regions (green is for their absence from candidate); 4, predicted functional domains (green is for the prediction of at least one domain previously implicated in protein/membrane trafficking); 5, homology to human proteins (green is for the presence of a recognizable orthologue encoded by the human genome); 6, homology to yeast proteins (green is for failure to detect a clearly recognizable homologue encoded by the genome of S. cerevisiae); 7, proposed biological function of the fly protein (green is for a role in protein/membrane trafficking on endosomes or lysosomes); 8, proposed biological function of the human orthologue, if any (green is for a role in protein/membrane trafficking on endosomes or lysosomes) b using recombinant Rab11 expressed in bacteria and native BLOC-1 from bovine brain cytosol, have so far yielded no significant interaction (I. A. RodriguezFernandez and E. C. Dell'Angelica, unpublished results). However, additional experiments will be required to rule out the possibility that our negative results may have been a consequence of the experimental conditions used; for example, the interaction of small GTPases such as Rab11 with other proteins is known to depend strictly on their binding to GDP or GTP (Jagoe et al 2006; Prekeris et al 2000) and differences in the protein-binding abilities of soluble and membrane-associated BLOC-1 have been documented (Di Pietro et al 2006) . In an alternative approach, we sought for evidence of genetic interaction between a mutant allele of Rab11 in flies and mutations in components of the molecular machinery that is conserved between humans and flies and required for the biogenesis of lysosome-related organelles in both species. Unfortunately, direct genetic interaction between Rab11 and BLOC-1 could not be tested in flies, because so far no mutant lines deficient in Drosophila BLOC-1 have been reported in the literature or made available at public repositories. Consequently, we focused on genes like those encoding subunits of the AP-3 complex, which are required for the biogenesis of melanosomes and platelet-dense granules in humans as well as for the biogenesis of eye pigment granules in flies. Actually, the association of AP-3 subunit mutations with HPS in humans (Dell'Angelica et al 1999) was demonstrated only after the role of Drosophila AP-3 in eye pigment granule biogenesis was discovered (Ooi et al 1997; Simpson et al 1997 ) and white (w*) genes on chromosome X and heterozygous for the Rab11 j2D1 allele over the thirdchromosome balancer (TM3, Sb 1 ) were crossed with virgin females heterozygous for a mutant allele of the garnet gene (g 2 ) over a modified X-chromosome, FM7 (which in males leads to abnormally small eyes). Shown in all panels (A-C) are the four possible genotypes expected for the males in the progeny at a theoretical frequency of 25% each, as well as the absolute numbers (and percentages) of adult male flies observed within 24 h after eclosion. Note in (A) and (B) the significantly low numbers of male flies that survived to adulthood when homozygous for ltd 1 and carrying a single copy of the Rab11 j2D1 allele b 2006). Another relevant example involves two Rab proteins, Rab38 and Rab32, which are required for proper biogenesis of melanosomes in mammals (Wasmeier et al 2006) ; mutations in the Rab38-encoding gene were documented for rat models of HPS (Oiso et al 2004) , and mutations in the only Drosophila orthologue of Rab38 and Rab32, lightoid, were shown to cause defects in the biogenesis of fly eye pigment granules . Because Rab11 is a paralogue of lightoid, the possibility of partial functional overlap between them deserved consideration. Consequently, we performed fly genetic analyses to test whether the Rab11 j2D1 mutant allele, which causes lethality in homozygous form owing to essential roles of Rab11 in cytokinesis and tissue development (Alone et al 2005; Giansanti et al 2007; Pelissier et al 2003; Riggs et al 2003) , could enhance the eye pigmentation defects of flies deficient in AP-3 (i.e. homozygous for the g 2 mutant allele) or in the Rab38/Rab32 orthologue (i.e. homozygous for the ltd 1 mutant allele). The eye pigmentation of flies homozygous for g 2 and heterozygous for Rab11 j2D1 was indistinguishable from that of homozygous g 2 flies (data not shown). Unexpectedly, almost no fly homozygous for ltd 1 and carrying a single copy of the Rab11 j2D1 allele survived to young adulthood. Thus, upon a fly crossing designed to yield about 25% of male flies homozygous for ltd 1 and heterozygous for Rab11 j2D1 , only four male flies with this genotype out of more than a hundred (3%) were recovered within 24 h after eclosion (Fig. 4A) . Similar results were obtained using a different mutant allele of Rab11, Rab11 93Bi (data not shown). As an attempt to rule out effects caused by other loci, we outcrossed the ltd 1 allele into the genetic background of Canton-S and performed a new set of crosses searching for flies homozygous for ltd 1 and heterozygous for Rab11 j2D1 ; this time, however, the number of males with this genotype was zero (Fig. 4B) . On the other hand, male flies homozygous for g 2 and heterozygous for Rab11 j2D1 were viable; actually, they were observed in excess of the theoretical 25% frequency owing to detrimental effects of FM7 and TM3 chromosomes on viability (Fig. 4C ). Taken together, these results demonstrated a synthetic sick/lethal interaction between Rab11 and lightoid, likely due to partially overlapping functions of the encoded Rab proteins.
Discussion
The goal of this work was to find ways of obtaining high-quality information to prioritize candidate binding partners in cases where the number of reported interactions exceeds the capacity of individual laboratories to perform all of the necessary validation experiments. Such is the situation that we have faced through our studies of BLOC-1, for which 70 candidate binding partners have been found in humans and 102 in flies-mostly by large-scale Y2H projects. Bearing in mind that a large proportion of Y2H data represents false positives (Deane et al 2002; Gandhi et al 2006; von Mering et al 2002) , the assumption that all interactions reported for BLOC-1 may be Freal' appears unwarranted; rather, many of them are probably not worth pursuing experimentally. We suspect that researchers working on other proteins of medical relevance may be facing a similar dilemma. For example, over 280 candidate binding partners have been described for DISC1, the product of a gene that is truncated upon a chromosomal translocation strongly associated with psychiatric disease and for which the molecular function remains poorly understood (Camargo et al 2007) . Various methods have been described for the global assessment of large sets of interactomics data (Camargo et al 2007; Deane et al 2002; Giot et al 2003; Goldberg and Roth 2003; Mahdavi and Lin 2007; Rual et al 2005; Scott and Barton 2007; Stelzl et al 2005) . Some approaches to assess the reliability of Y2H data rely on the existence of paralogues shown to interact with each other (Deane et al 2002) ; although successful for many proteins, in the case of BLOC-1 only two of its subunits display homology to other human sequences, and for them virtually no interaction data are available (data not shown). Other approaches give weight to finding the corresponding interaction between the orthologues from another species; again such an idea has been successful for several proteins (e.g. Gandhi et al 2006) , yet it cannot be applied to binding partners of BLOC-1 because the only protein shared by the lists of human and fly candidate binding partners (the Sec8 protein encoded by human EXOC4 and Drosophila CG2095) was reported to interact with dysbindin in humans and BLOS2 in flies (Supplementary Tables 2  and 3 ). Our approach is unique in that it Fcustomizes' the scoring criteria according to prior knowledge by the researcher about characteristics of the candidates that the researcher would find encouraging to pursue with experimental work. We believe that a customized approach can be very powerful when focusing on candidate binding partners of well-characterized proteins or of proteins with unique properties (e.g. tissuespecific expression, well-established localization to a specific cellular compartment). On the other hand, we recognize that the choice of criteria is intrinsically arbitrary, which could adversely affect the usefulness of the ranking. For example, some researchers might disagree with our choice to consider encouraging the absence of predicted coiled-coil-forming and transmembrane domains in the candidate's primary structure. Nevertheless, it is worth emphasizing that no single criterion is sufficient to completely exclude a candidate from further consideration. For example, 6 of the top 12 human candidates do contain coiled-coilforming regions, compared with a total of 35 out of 70 candidates in the entire list, and the human candidate ranked 12th does contain a transmembrane domain. Finally, despite our best efforts, some of the information gathered about the candidates may be inaccurate. For example, practical reasons led us to restrict our search for experimental evidence to only the first article reporting the interaction, although for a few candidate binding partners (e.g. SNAP25; Ilardi et al 1999) subsequent work has brought the original findings into question (Vites et al 2004) . In addition, some of the candidates for which failure to detect a yeast homologue in a BLASTP search was considered encouraging do contain orthologues in yeast (e.g. the exocyst subunits encoded by EXOC7 and EXOC4; Munson and Novick 2006) that probably would have been detected by more sensitive but time-consuming algorithms such as PSI-BLAST. These limitations notwithstanding, we find the data-mining approach, and the idea of summarizing the information using a colour code, potentially very useful. For example: we have previously invested significant amounts of resources and time to pursue experimentally the reported interactions between the dysbindin subunit of BLOC-1 and the dystrobrevins (Benson et al 2001) , with negative results (Nazarian et al 2006) ; in retrospect, the current ranking of the two dystrobrevins (encoded by the DTNB and DTNA genes) to the 45th and 51st places would have discouraged us from pursuing these interactions in particular.
At the top of the ranking of human candidates was the product of the RAB11A gene. Rab11 is a small GTPase associated with a subset of endosomes known as recycling endosomes, which accumulate at a perinuclear region of the cell and play important roles in the sorting of proteins for recycling to the plasma membrane as well as in asymmetric distribution of signalling molecules during mitosis (Emery et al 2005; Prekeris et al 2000; Ullrich et al 1996) . Moreover, Rab11 is required for normal cytokinesis, and for development of various tissues in flies (Alone et al 2005; Giansanti et al 2007; Pelissier et al 2003; Riggs et al 2003) . Consistent with these important functions, homozygous mutations in the only Rab11 gene in flies cause lethality as embryos or early larvae (Alone et al 2005) . This is in contrast with homozygous null mutations in lightoid, the only fly orthologue of both Rab32 and Rab38, which result in viable flies that display specific defects in the biogenesis of a lysosome-related organelle: the fly eye pigment granule . Likewise, mutations in the Rab38-encoding gene in mice and rats result in viable animals with defective biogenesis of melanosomes, and the rat mutant is considered an animal model of HPS (Loftus et al 2002; Oiso et al 2004) . At first sight, one might conclude that Rab32/Rab38/lightoid, and not Rab11, would be the key Rab protein for lysosome-related organelles and with which BLOC-1 might interact. However, genetic analyses in flies have suggested that lightoid is unlikely to be the only Rab involved in this process. Thus, the pigmentation phenotype of homozygous null ltd 1 is not as severe as those of other eye colour mutants, and enhancement of the phenotype was observed for double mutants simultaneously deficient in lightoid and AP-3 or in lightoid and BLOC-2 (Falcó n-Pé rez et al 2007). These considerations led us to evaluate the possibility that Rab11, which is a paralogue of Rab32/Rab38/lightoid, could have some degree of functional overlap with the latter. Our results did provide evidence for functional overlap, but in an unexpected manner: while ltd 1 homozygous flies and Rab11 j2D1 heterozygous flies were viable as adults and fertile, flies that were both ltd 1 homozygous and Rab11 j2D1 heterozygous barely survived to young adulthood. This synthetic sick/lethal effect leads us to speculate that these two related Rab proteins may indeed have overlapping functions, for instance by interacting with common effector proteins, although such overlap would extend to some of the essential functions of Rab11. Further work will be required to understand the molecular basis for this intriguing genetic interaction, and the possible involvement of BLOC-1 in this process.
Other candidate binding partners that ranked close to the top should also deserve future experimentation. Second in the list of the human candidates is phafin 2, a novel protein predicted to associate with early endosomes owing to the presence of a FYVE domain. At third place is neurobeachin, a member of a family of large proteins that also includes Lyst, which is mutated in Chediak-Higashi syndrome and-like BLOC-1-is required for normal biogenesis of lysosome-related organelles (Shiflett et al 2002) . At the 4th, 9th and 11th places rank three of the eight subunits of the exocyst complex, and the orthologue of one of them ranks 7th among the candidate binding partners of Drosophila BLOC-1 subunits. Interestingly, solid evidence indicates that both mammalian and Drosophila exocyst components interact with Rab11 (Beronja et al 2005; Zhang et al 2004) . Finally, ranking at the top of the candidate binding partners of Drosophila BLOC-1 are a subunit of the microtubule-associated motor, dynein, a member of the endophilin family of membrane-curvature-sensing proteins, and the Hrs subunit of the endosome-associated protein complex, ESCRT-0, which also contains the Stam subunit ranked in 19th place.
It is likely that approaches similar to that described here could be useful to researchers who face other situations with an exceedingly high number of candidate genes or proteins. For example, a single Y2H screening typically results in a large number of Fcolonies' representing a number of candidate binding partners. Other lists of candidates may arise from other types of Fomics' approaches, e.g. genes whose transcripts are found upregulated under certain experimental conditions, or proteins identified by mass spectrometric analysis of a partially purified sample. In all of these situations, the researcher may need to rank the candidates to select those more Fencouraging' for experimental analysis. We believe that our Fcustomized' criteria approach with visually friendly presentation could be helpful also in those situations.
